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(54) Title: GLASS LAMINATES FOR THREAT RESISTANT WINDOW SYSTEMS 
(57) Abstract 

This invention comprises a transparent lami- 
nate having at least one layer of glass and having 
self-adhered directly to the layer of glass a thermo- 
plastic polymer layer having low haze and the lam- 
inate is capable of sustaining repeated or prolonged 
stress after breakage of the glass layer while maintain- 
ing the structural integrity of the laminate. Preferably, 
this invention is directed to a transparent laminate of 
two layers of glass laminated together with a diermo- 
plastic polymer interiayer adhered directly to the glass; 
wherein the interiayer preferably is an ionomer resin , . . j -j- . A^-m.M T^ cao^ oc- « 

and has Storage Young's Modulus of 50-1.000 MPa (mega Pascals) at 0.3 Hz and 25 "C determmed accordmg to ASTM D 5026-95aj^a 
Minimum Tear Energy of at least 15 MJ/m3 (mega joules per cubic meter) detemiincd item tensile tests earned out accordmg to ASTM 
638-89 at 25 ''C and adhesion to glass of 5-42 MPa detennined according to compressive Shear Strength Test detcimmed at 25 C and 
preferably, the interiayer of the laminate is a sheet of an ionomer resin; wherein the ionomer resin of a water insoluble salt of a polymer of 
ethylene and methacrylic acid or acrylic acid containing about 14-24 % by weight of the acid and about 76-86 % by weight of etiiylene wid 
having about 10-80 % of the acid neutralized with a metallic ion, and has a melt index of about 0.5-50. TTie mvcntion also mcludes other 
laminate stmcturcs such as multiple layers of glass with thermoplastic polymer interiayers, glass/thermoplastic resin laminate incorpoiatmg 
a transparent durable layer and/or a coating and a process for making the laminate structure. 
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HTLE 

GLASS LAMINATES FOR THREAT RESISTANT WINDOW SYSTEMS 
BACKGROUND OF THE INVENTION 

Field of the Invention 
5 This invention is related to glass laminates and in particular to a glass 

laminate wherein the glass layers are laminated together with a thermoplastic 
polymer interlayer to provide a laminate that retains stiffoess and load bearing 
capacity after there has been glass breakage; the interlayer used in the laminate 
has good glass cut-through resistance, and the laminate has excellent impact 

10 resistance and good visual properties. 
Description of the Prior Art 

Polyvinyibutyrai (PVB) has been and is widely used as an interlayer 
to form glass laminates used in automobiles and for architectural applications such 
as exterior windows, interior windows or dividers and the like. PVB has low 

15 stifi&iess and deforms readily upon impact which is an excellent property for 

automotive windshields where human impact is involved and reduction in injuries 
is desired. But these properties limit performance when the laminate must provide 
intrusion resistance after the glass of the laminate has broken; for example, when a 
glass laminate is subjected to high wind forces and impacts of flying debris as 

20 occur in a hurricane or where thwe are repeated impacts on a window by a 

criminal attempting to break into a vehicle or structure. Laminates eventually fail 
due to the large deformation of the polymer interlayer which can cause the 
laminate to pull out of the window frame and due to the action of shards of broken 
glass which eventually cut into the PVB layer and allow the laminate to be 

25 penetrated by wind, debris or the instrument used by a criminal attempting to 
break the laminate. The use of thicker layers of PVB to gain more stifftiess and 
cut-through resistance is impractical due to cost and the excessive thickness of the 
interlayer required. 

A wide variety of glass lammates formed with PVB axe know as 

30 shown in PhUUps U.S. Patent 4,297,262 issued October 27, 1981, PhUlips U.S. 
Patent 4,230,771 issued October 28, 1980 and British Patent 828,381 published 
Feb. 17, I960. These patents are directed to forming glass laminates usefiil for 
automobile and truck windshields. Upon breakage of the glass of the laminate, 
they are relatively soft, elastic and highly extensible such that if a human skull hits 

35 the laminate in an accident, it is decelerated without causing a concussion. These 
are not the properties required for architectural windows exposed to hurricane and 
other high stresses and side windows for automobiles and trucks that may be 
subjected to criminal actions. 
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Glass laminates have been made using interlayers other than PVB, 
such as polyurethanes and thermoplastic copolymers and these in combination 
with polyester fihn and polycarbonate fibns. Bolton et al U.S. Patent 4,663^8 
issued May 5, 1987 shows the use of an ionomer resin to form glass laminates. 

5 However, the ionomer resins taught therein without further modification are too 
hazy to be used in windows and require surface treatment to promote adhesion to 
glass. To improve these optical properties, organic amines must be added to the 
resin during the process of extruding a sheet of the resin that is used to form the 
laminate and color reducing agents are added to reduce the color. The use of 

10 organic amines causes a number of problems such as air pollution from 

vaporization of amine as it is added to the extruder, covalent crosslinking in the 
polymer and formation of gel and gel particles in the extruded sheet 

There is an increased demand for glass laminates used as architectural 
windows that are resistant to the threats of wind storms and hurricanes particularly 

15 in coastal areas as well as a wide demand for side windows for vehicles that are 
intrusion resistant. These glass laminates are required to have improved 
toughness and durability, must be easily fabricated and have good optical 
properties. This invention provides such a product and preferably utilizes an 
unmodified ionomer resin sheet. 

20 STTIVrMARY OF THE INVENTION 

This invention comprises a transparent laminate having at least one 
layer of glass and a themioplastic polymer self-adhered directly to the glass 
having low haze and the laminate is capable of sustaining repeated or prolonged 
stress after the breakage of the glass layer while maintaining the structural 

25 integrity of the laminate. 

Preferably, this invention is directed to a transparent laminate of two 
layers of glass laminated together with a thermoplastic polymer interlayer self- 
adhered durectly to glass; wherein the interlayer preferably is an ionomer resin 
and has Storage Young's Modulus of 50-1,000 MPa (mega Pascals) at 0.3 Hz and 

30 25 **C determined according to ASTM D 5026-95a, a Minimum Tear Energy of at 
least 15 MJ/m' (mega joules per cubic meter) determined from tensile tests carried 
out according to ASTM 638-89 at 25 and adhesion to glass of 5-42 MPa 
determined according to Compressive Shear Strength Test determined at 25°C. 

Preferably, the interlayer of the laminate is a sheet of an ionomer 

35 resin; wherein the ionomer resin is of a water insoluble salt of a polymer of 

ethylene and methacrylic acid or acrylic acid containmg about 14-24% by weight 
of tiie acid and about 76-86% by weight of ethylene and having about 10-80% of 
the acid neutralized with a metallic ion, preferably a sodium ion, and the ionomer 
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has a melt index of about O.S-SO. Melt index is determined at 190 ^^C according to 
ASTMD1238. 

The invention also includes other laminate structures such as multiple 
layers of glass with thermoplastic polymer interlayers, glass/thermoplastic resin 
5 laminate incorporating a transparent durable layer and/or a coating and a process 
for making the laminate structure. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURE 1 shows a laminate comprising glass, a thermoplastic 
interlayer and glass. 

10 FIGURE 2 shows a laminate comprising glass, an ionomer resin and a 

durable transparent plastic layer or coating. 

FIGURE 3 shows a jig used for measuring the adhesion of the 
interlayer to glass of the laminate. 

DETAILED DESCRIPTION 

15 The transparent glass laminate of this invention is a laminate of at 

least one layer of glass and thermoplastic polymer layer self-adhered directly to 
glass which has a high modulus, excellent tear strength and excellent adhesion 
directly to glass and preferably the thermoplastic polymer layer is a particular 
ionomer resin. The laminate has excellent impact resistance, toughness and glass 

20 cut-through resistance and durability which makes it particularly useful for 

architectural uses in buildings subjected to hurricanes and wind storms and also as 
side windows for automobiles and trucks that can be subjected to the repeated 
attacks by a person attempting to break into the vehicle. The laminate also has a 
low haze and excellent transparency. These properties make it useful as 

25 architectural glass which can be used for solar reduction, sound control, safety and 
security. 

One preferred laminate of this invention is a transparent laminate of 
two layers of glass laminated together with a thermoplastic polymer interlayer 
self-adhered directly to the glass; wherem the interlayer preferably is an ionomer 

30 resin and has Storage Young's Modulus of 50-1,000 MPa (mega Pascals) at 0.3 Hz 
and 25 determined according to ASTM D 5026-95a, a Minimiun Tear Energy 
of at least 15 MJ/m' (mega joules per cubic meter) determined from tensile tests 
carried out according to ASTM 638-89 at 25 ""C and adhesion to glass of 5-42 
MPa determined according to Compressive Shear Strength Test at 25*^C. 

35 Preferably, the laminate is made with an ionomer resin interlayer 

which has a haze of less than 5% and a transparency of at least 90%. Amines and 
other modifiers are not used in forming a sheet of ionomer resin used in the 
laminate thereby eliminating the aforementioned problems caused by then: use. 
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As used herein, when the thermoplastic polymer layer is said to be 
self-adhered directly to glass, this means that there is no intermediate layer such as 
a primer or thin adhesive layer between the glass and the thermoplastic polymer 
layer nor has the surface of the glass or thermoplastic layer been specially treated . 

5 The preferred interlayer of the laminate is a sheet of an ionomer resin. 

The ionomer resin is a water insoluble metallic salt of a polymer of ethylene and 
methacrylic acid or acrylic acid containing about 14-24% by weight of the acid 
and about 76-86% by weight of ethylene and having about 10-80% of the acid 
neutralized with metallic ion and the ionomer resin has a melt index of about 0.5- 

10 50. The acid content, the acid neutralization level and the neutralizing agent used 
all must be balanced to provide the ionomer resin with acceptable optical 
properties. The preparation of ionomer resins is disclosed in Rees US Patent 
3,404,134 issued October 1, 196S. 

Examples of ionomer resins that can be used to form the laminate of 

15 this invention comprise a water insoluble salt of a polymer of 80-82% by weight 
ethylene and 1 8-20% by weight of methacrylic acid or acrylic acid having about 
30-50% by weight of the acid is neutralized v\dth sodiiun ion and the resin has a 
melt index of 0.5-5. Another resin comprises a water insoluble salt of a polymer of 
83-86% by weight ethylene and 14-17% by weight of methacrylic acid or acrylic 

20 acid having about 60-70% by weight of the acid is neutralized with sodium ion 
and the resin has a melt index of 0.5-5. 

Additional examples of resins that have been found useful are as 

follows: 

an ionomer resin comprising a polymer of 80-82% by weight ethylene 
25 and 18-20% by weight of methacrylic acid, 35-40% of the acid is neutralized with 
sodium ion and the ionomer resin has a melt index of 1-3; 

an ionomer resin comprising a polymer of 81% ethylene and 19% 
methacrylic acid and 37% of the acid is neutralized with a sodium ioii and the 
ionomer resin has a melt mdex of 1-3. 
30 an ionomer lesin comprising a polymer of 84-86% by weight ethylene 

and 14-16% by weight of methacrylic acid, 60-70% of the acid is neutralized vwth 
sodium ion and the ionomer resin has a melt index of 1 -3 ; and 

an ionomer resin comprising a polymer of 85% ethylene and 15% 
methacrylic acid and 62% of the acid is neutralized with a sodium ion and the 
35 ionomer resin has a melt index of 1 -3 . 

Standard techniques are used to form the resin interlayer sheet such as 
compression molding, injection molding, extrxision and calendjering. Preferably, 
conventional extrusion techniques are used. It is possible to use recycled ionomer 
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resin with virgin ionomer resin to form the interlayer sheet The ionomer resin 
plus any additives such a colorants, antioxidants and UV stabilizers are charged 
into a conventional extruder and melt blended and passed through a cartridge type 
melt filter for contamination removal and extruded through a die and pulled 

5 through calender rolls to form sheet about 0.38-4.6 nun thick. 

Typical colorants that can be used in the ionomer resin sheet are, for 
example, a bluing agent to reduce yellowing or a whitening agent or a colorant 
can be added to color the glass or to control solar light. 

The ionomer resin sheet after extrusion can have a smooth surface but 

10 preferably has a roughened surface to effectively allow most of the air to be 

removed from between the surfaces in the laminate during the lamination process. 
This can be accomplished for example, by mechanically embossing after extrusion 
or by melt fracture during extrusion of the sheet and the like. 

The laminate is formed by conventional processes known in the art 

15 In a typical process, a glass sheet, an ionomer resin sheet and a second glass sheet 
are laminated together under heat and pressure and a vacuum [27-28 inches (689- 
71 1mm) Hg] to remove air. In a typical procedure, an ionomer resin sheet is 
positioned between two glass plates and under a vacuum (a vacuum bag or 
vacuum ring can be used) are heated from about 25 to BS^'C and then held at this 

20 temperature for about 1 5 minutes to 2.0 hours and then cooled to 25®C. 

The Figures show typical laminates of this invention. Figure 1 shows 
a typical glass laminate used for windows that are storm and debris resistant of 
two glass layers 1 having laminated between them an ionomer resin sheet 2. 
Figure 2 shows a laminate of a glass layer i having an ionomer resin sheet 2 

25 adhered to a durable transparent plastic layer 3 . Any of the above laminates can 
be coated with conventional abrasion resistant coatings that are known in the art. 

For architectural uses and for uses in transportation applications such 
as automobiles, trucks and trains, the laminate has two layers of glass and directly 
self-adhered to the glass is an interlayer of a thermoplastic polymer and the 

30 laminate has an overall thickness of about 3-30 mm. The interlayer has a thickness 
of about 0.38-4.6 mm and each glass layer usually is at least 1 nun thick. The 
interlayer is adhered directly to the glass and an intermediate adhesive layer or 
coating between the glass and the interlayer is not used. Obviously, other 
laminate constructions can be used such as multiple layers of glass and 

35 thermoplastic interlayers or a single layer of glass with a thermoplastic polymer 
interlayer and having adhered to the interlayer a layer of a durable transparent 
plastic film. 



5 



wo 99/58334 PCTAiS99/l 0354 

The interlayer has a Storage Young's Modulus of 50-1,000 MPa 
(mega Pascals) and preferably about 100-500 MPa and is measured at 0.3 Hz and 
25 by dynamic mechanical analysis in tension at a frequency of 0.3 Hz and a 
maximxun strain of 10% according to ASTM D 5026-95a. The interlayer remains 
S in the 50-1 ,000 MPa range of its Storage Young's Modulus at temperatures up to 
40**C. 

The Minimimi Tear Energy of the interlayer is at least 15 MJ/m' 
(mega Joules per cubic meter) and preferably about 30-130 MJ/m^ Tear energy is 
determined from the results of a standard tensile test measured at 25 ®C carried out 

10 in accordance with ASTM D 638-89. A specimen type IV, as specified in the test, 
is pulled at 2.0 inches/minute (50.8 nun/min). Tensile stress (nominal), a , is 
defined as the tensile load per unit area of minimum original cross section. Strain, 
8, is defined as the ratio of the elongation to the gage length of the test specimen. 
The tensile stress-strain curve is defined as a diagram in which values of tensile 

15 stress are plotted as ordinates against corresponding values of tensile strains as 
abscissas. Tear energy, U, is the area under this curve up to the elongation, or 
strain e„„, at break. Tnis can be expressed mathematically as: 
U = Jo""" ade. 

and is a quantity with units of energy per unit volume (Joules/cubic meters) of the 

20 undeformed polymer. 

Adhesion of the laminate, i.e. of the interlayer to glass, is detemiined 
using the compressive shear strength test using the jig 1 0, 1 2 shown in the 
FIGURE 3. In preparing laminates for adhesion determination, the interlayer is 
placed between two pieces of annealed float glass of dimension 12"xl2" (305 mm 

25 X 305 nun) and 2.5 mm nominal thickness which have been washed and rinsed in 
demmeralized water. The glass/interlayer/glass assembly is then heated in an 
oven set at 90-1 OO^C for 30 minutes. Thereafter, it is passed through a set of nip 
rolls so that most of the air in the void spaces between the glass and the interlayer 
may be squeezed out, and the edge of the assembly sealed. The assembly at this 

30 stage is called a pre-press. The pre-press is then placed in an air autoclave where 
the temperature is raised to 135 °C and pressure to 200 psig (14.3 bar). These 
conditions are maintained for 20 minutes, after which, the air is cooled , while no 
more air is added to the autoclave. After 20 minutes of cooling when the air 
tempemture in the autoclave is under 50 °C, the excess air pressure is vented, 

35 The compressive shear strength of the laminate prepared as prescribed 

above is determined at 25 ®C using the method detailed herein. Six T'xl" (25 mm 
X 25 mm) chips are sawed from the laminate. The compressive shear strength of 
the chip is determined using the jig shown in the FIGURE 3. The chip of glass 
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layers 16, and 20 and an interlayer 1 8 is placed on the cut-out on the lower half of 
the jig 12, and the upper half 10 is then placed on top of the chip. A cross-head is 
lowered at the rate of 0. 1 inch per minute (2.S mm per mmute) until it contacts the 
upper piece of the device. As the cross-head continues to travel downward, one 
5 piece of the chip begins to slides relative to the other. The compressive shear 
strength of the chip is the shear stress required to cause adhesive failure. The 
precision of this test is such that one standard deviation is typically 6% of the 
average result of six chips. An interlayer tested in this way for adhesion which 
has compressive shear strength of 5-42 MPa which is considered suitable for use 

10 in hurricane and storm resistant windows and for transportation use such as for 
automobile and truck side-glass windows and backlites and for windows in trains. 

For architectural uses in coastal areas, the laminate of 
glass/interlayCT/glass must pass a simulated hurricane impact and cycling test 
which measures the resistance of a laminate to debris impact and wind pressure 

15 cycling. A currently acceptable test is performed in accordance to the South 

Florida Building Code Chapter 23, section 23 1 5 Impact tests for wind bom debris: 
fatigue load testing is determined according to Table 23-F of section 2314.5, dated 
1994. This test simulates the forces of the wind plus air bom debris impacts 
during severe weather, e.g., a hurricane. A sample 35 inches x 50 inches 

20 (88.9x127 cm) of the laminate is tested. The test consists of two impacts on the 
laminate (one in the center of the laminate sample followed by a second impact in 
the comer of the laminate). The impacts are done by launching a 9 pound (4. 1 
kilograms) board nominally 2 inches (5 cm) by 4 inches (10 cm) and 8 feet (2.43 
meters) long at 50 feet/second (15.2 meters/second) from an air pressure cannon. 

25 If the laminate survives the above impact sequence, it is subjected to an air 

pressure cycling test. In this test, the laminate is securely fastened to a chamber. 
In the positive pressure test, the laminate with the impact side outward is fastened 
to the chamber and a vacuum is applied to the chamber and then varied to 
correspond with the cycling sequences set forth in the following Table I. The 

30 pressure cycling schedule, as shown in Table I below, is specified as fiiaction of a 
TnaviTTT^?m pressure P. In this test P equals 70 pounds per square foot (3360 
Pascals) Each cycle of the first 3500 cycles and subsequent cycles is completed in 
about 1-3 seconds. On completion of the positive pressure test sequence, the 
laminate is reversed with the impact side facing inward to the chamber for the 

35 negative pressure portion of the test and a vacuum is applied corresponding to the 
following cycling sequence. The values are expressed as negative values (-). 
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TABLE I 



Number of Air Pressure 
Cycles 


Pressure Schedule 
[absolute pressure level 
where P is 70 pounds per 
square foot (3360 
Pascals)] 


Pressure Range [pounds 
per square foot (Pascals)] 


Positive pressure (inward 
acting) 






3,500 


0.2 P to 0.5 P 


14 to 35 (672-1680 
Pascals) 


300 


0.0 P to 0.6P 


0 to 42 (0-2016 Pascals) 


600 


0.5 P to 0.8 P 


35 to 56 (1680-2688 
Pascals) 


100 


0.3 P to 1.0 P 


21 to 70 (1008-3360 
Pascals) 


Negative Pressure 
(outward acting) 






50 


-0.3 P to -1.0 P 


-21 to -70 (-1008 to 
•3360 Pascals) 


1,060 


-0.5 P to -0.8 P 


-35 to -56 (-1680 to 
-2688 Pascals) 


50 


0.0 P to -0.6 P 


-0 to -42(0 to -2016 
Pascals) 


3,350 


-0.2 P to -0.5 P 


-14 to -35 (-672 to -1680 

Pascals) 



A laminate passes the impact and cycling test when there are no tears 



or openings over 5 inches (12.7 cm) in length and not greater than 1/16 inch 
(0.16cm) in width. 

5 The haze and transparency of laminates of this invention are measured 

according to ASTM D- 1 003-6 1 by using a Hazegard XL2 1 1 hazemeter or 
Hazegard Plus hazemeter (B YK Gardner-USA). Percent-haze is the diffusive 
light transmission as a percent of the total light transmission. To be considered 
suitable for architectural and transportation uses, the interlayer of the laminate 

10 generally is required to have a transparency of at least 90 and a haze of less than 
5%. 

The following examples in which parts and percentages are by weight 
unless otherwise specified further illustrate this inventioiL 
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